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In contrast to animals, plants can continuously cease and resume
growth. This flexibility in their architecture and growth patterns is
partly achieved by the action of plant hormones. Plant hormones
are structurally diverse compounds that act usually at nanomolar
concentrations and include five groups of the so-called “clas-
sic” hormones, namely auxins, cytokinins, gibberellins, abscisic
acid, and ethylene. Jasmonates, salicylates, strigolactones, brassi-
nosteroids, polyamines, and some peptides were recognized as
new families of plant hormones. Hormones build a signaling
network and mutually regulate several signaling and metabolic
systems, which are essential both for plant development and plant
responses to biotic and abiotic stresses. Although earlier work
greatly advanced our knowledge of how hormones affect plant
growth and development and stress responses focusing on a single
compound, it is now evident that physiological processes are reg-
ulated in a complex way by the cross-talk of several hormones.
In this Research Topic, we aim at collecting a comprehensive
set of original research and review papers focused on hormonal
crosstalk in plants.
The goal of this Research Topic is to bring together recent work
of experts studying hormonal crosstalk in plant development
and stress response. Understanding how hormones and genes
interact to coordinate plant growth is a major challenge in devel-
opmental biology. The activities of auxin, ethylene, and cytokinin
depend on the cellular context and exhibit either synergistic or
antagonistic interactions. Liu et al. (2013) use experimentation
and network construction to elucidate the role of the interac-
tion of the POLARIS peptide (PLS) and the auxin efflux carrier
PIN proteins in the crosstalk of three hormones (auxin, ethy-
lene, and cytokinin) in Arabidopsis root development. Naidoo
et al. (2013) elegantly describe the transcriptional response of PR
genes (EgrPR2, EgrPR3, EgrPR4, EgrPR5, and EgrLOX) identified
in Eucalyptus grandis in response to SA and methyl jasmonate
(MeJA) treatment. Blanco-Ulate et al. (2013) analyzed a tran-
scriptome study of tomato fruit infected with Botrytis cinerea
in order to profile the expression of genes for the biosynthesis,
modification and signal transduction of ethylene, salicylic acid,
jasmonic acid, and abscisic acid, hormones that may be not only
involved in ripening, but also in fruit interactions with pathogens.
The changes in relative expression of key genes during infection
and assays of susceptibility of fruit with impaired synthesis or
perception of these hormones were used to formulate hypothe-
ses regarding the involvement of these regulators in the outcome
of the tomato fruit–B. cinerea interaction.
A series of reviews also add to the current knowledge of hor-
monal cross-talk in the regulation of plant development and stress
responses. Arc et al. (2013) review our current knowledge of
ABA crosstalk with ethylene and NO, both volatile compounds
that have been shown to counteract ABA action in seeds and to
improve dormancy release and germination. McAtee et al. (2013)
review current evidence on the topic and elegantly describe the
hormonal cross-talk in the developing seed and its surround-
ing fruit tissue during fruit development. Denancé et al. (2013)
address novel insights on the regulatory roles of the ABA, SA,
and auxin in plant resistance to pathogens and describe the com-
plex interactions among their signal transduction pathways. The
strategies developed by pathogens to evade hormone-mediated
defensive responses are also reviewed. Based on these data it is
also discussed how hormone signaling could be manipulated to
improve the resistance of crops to pathogens. From another per-
spective, Daszkowska-Golec and Szarejko (2013) review recent
findings on phytohormone crosstalk, including changes in sig-
naling pathways and gene expression that impact on modulating
stress response through the closing or opening of stomata. da
Costa et al. (2013) review current evidence indicating a clear
hormonal cross-talk in the regulation of adventitious rooting.
Cheng et al. (2013) review current evidence on the recently
discovered phytohormone class, strigolactones and their cross-
talk with other plant hormones—such as auxin, cytokinin,
abscisic acid (ABA), ethylene (ET), and gibberellins (GA)—
during different physiological processes. Finally, O’Brian and
Benkkova discuss the complex hormonal cross-talk in plant
responses to environmental stress, with a focus on cytokinins
and other hormones, such as abscisic acid, jasmonates, sali-
cylates, ethylene, and auxin. Of particular interest is the dis-
cussion of the impact of this research in the biotechnological
industry.
In conclusion, taken together these original and review arti-
cles reflect the explosion of interest and considerable progress
that has recently been made in the dynamic field of plant biol-
ogy, with a particular focus on better understanding hormonal
cross-talk in plant development and stress responses. It will be
intriguing to see how future work on hormonal cross-talk in
plants will continue. We hope that the articles that have been
compiled will provide new insights into this topic and shed
new light concerning the complex but exciting phenomenon
of hormonal cross-talk in plant development and stress
responses.
www.frontiersin.org December 2013 | Volume 4 | Article 529 | 1
Munné-Bosch and Müller Hormonal cross-talk in plants
REFERENCES
Arc, E., Sechet, J., Corbineau, F., Rajjou, L., and Marion-Poll, A. (2013). ABA
crosstalk with ethylene and nitric oxide in seed dormancy and germination.
Front. Plant Sci. 4:63. doi: 10.3389/fpls.2013.00063
Blanco-Ulate, B., Vincenti, E., Powell, A. L., and Cantu, D. (2013). Tomato tran-
scriptome and mutant analyses suggest a role for plant stress hormones in
the interaction between fruit and Botrytis cinerea. Front. Plant Sci. 4:142. doi:
10.3389/fpls.2013.00142
Cheng, X., Ruyter-Spira, C., and Bouwmeester, H. (2013). The interaction between
strigolactones and other plant hormones in the regulation of plant develop-
ment. Front. Plant Sci. 4:199. doi: 10.3389/fpls.2013.00199
da Costa, C. T., de Almeida, M. R., Ruedell, C. M., Schwambach, J., Maraschin, F.
S., and Fett-Neto, A. G. (2013). When stress and development go hand in hand:
main hormonal controls of adventitious rooting in cuttings. Front. Plant Sci.
4:133. doi: 10.3389/fpls.2013.00133
Daszkowska-Golec, A., and Szarejko, I. (2013). Open or close the gate—stomata
action under the control of phytohormones in drought stress conditions. Front.
Plant Sci. 4:138. doi: 10.3389/fpls.2013.00138
Denancé, N., Sánchez-Vallet, A., Goffner, D., and Molina, A. (2013). Disease resis-
tance or growth: the role of plant hormones in balancing immune responses and
fitness costs. Front. Plant Sci. 4:155. doi: 10.3389/fpls.2013.00155
Liu, J., Mehdi, S., Topping, J., Friml, J., and Lindsey, K. (2013). Interaction of PLS
and PIN and hormonal crosstalk in Arabidopsis root development. Front. Plant
Sci. 4:75. doi: 10.3389/fpls.2013.00075
McAtee, P., Karim, S., Schaffer, R., and David, K. (2013). A dynamic interplay
between phytohormones is required for fruit development, maturation, and
ripening. Front. Plant Sci. 4:79. doi: 10.3389/fpls.2013.00079
Naidoo, R., Ferreira, L., Berger, D. K., Myburg, A. A., and Naidoo, S. (2013). The
identification and differential expression of Eucalyptus grandis pathogenesis-
related genes in response to salicylic acid and methyl jasmonate. Front. Plant
Sci. 4:43. doi: 10.3389/fpls.2013.00043
O’Brien, J. A., and Benkova, E. (2013). Cytokinin cross-talking during biotic and
abiotic stress responses. Front. Plant Sci. 4:451. doi: 10.3389/fpls.2013.00451
Received: 27 November 2013; accepted: 09 December 2013; published online: 24
December 2013.
Citation: Munné-Bosch S and Müller M (2013) Hormonal cross-talk in plant devel-
opment and stress responses. Front. Plant Sci. 4:529. doi: 10.3389/fpls.2013.00529
This article was submitted to Plant Cell Biology, a section of the journal Frontiers in
Plant Science.
Copyright © 2013 Munné-Bosch and Müller. This is an open-access article dis-
tributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided
the original author(s) or licensor are credited and that the original publica-
tion in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.
Frontiers in Plant Science | Plant Cell Biology December 2013 | Volume 4 | Article 529 | 2
